Abstract.-The atomic-scale s t r u c t u r e o f l i q u i d germanium and s i l i c o n was modelled. A model w i t h s t r u c t u r e d first atomic c o o r d i n a t i o n was proposed. The first s h e l l c o n s i s t s o f two s u b s h e l l s : t h e i n n e r one -a d i s t o r t e d t e t r a h e d r a l configur a t i o n , t h e o u t e r one -a random c o n f i g u r a t i o n of 1-5 atoms.
An e x c e l l e n t f i t t o t h e e x p e r i m e n t a l d i f f r a c t i o n d a t a was obtained when weak bond bending f o r c e s i n t h e t e t r a h e d r a l s u b s h e l l were considered. (SC) and s emimetals is s t i l l a c h a l l e n g i n g problem. Based on e a r l i e r d i f f r a ct i o n experiments? Krebs /l/ proposed f o r l i q u i d germanium (liq-Ge) a s t r u c t u r e consisting of a d i s t o r t e d NaC1-type c o n f i g u r a t i o n w i t h f o u r n e a r e s t neighbours and two s l i g h t l y f a r t h e r removed atoms. Isherwood e t a l . /2/ b u i l t a s p a t i a l model w i t h d i s t o r t e d octahed r a , randomly connected. L a t e r on, Orton / 7 , 4 / d e v i s e d a g e n e r a l model f o r molten SC and SM ( t h e double hard s p h e r e model) assuming t h e e x i s t e n c e of two s p e c i e s o f atoms i n t h e l i q u i d , g i v i n g l o n g and s h o r t i n t e r a t o m i c d i s t a n c e s . P o l t a v t s e v /5/ proposed a model Waseda and Suzuki /6/ and Gabathuler and S t e e b / 7 / i n v e s t i g a t e d t h e s t r u c t u r e o f Ge and S i m e l t s and concluded t h e t t h e y c o n s i s t of a m i x t u r e of m e t a l -l i k e atomic arrangement randomly d i s t r i b u t e d and c o v a l e n t -l i k e arrangement.
I n t r o d u c t i o n . -The s t r u c t u r e o f l i q u i d semiconductors
All t h e s e models f a i l t o reproduce s a t i s f a c t o r i l y both s t r u ct u r e f a c t o r and r a d i a l d i s t r i b u t i o n f u n c t i o n (RDF) of t h e m e l t s . Consequently we propose a new model f o r l i q u i d s i l i c o n and germanium elements which gave a n e x c e l l e n t f
i t t o t h e e x p e r i m e n t a l d i ff r a c t i o n d a t a and a l l o w s f o r a s i m p l e e x p l a n a t i o n o f t h e s t r u c t u r a l e v o l u t i o n o f t h e m e l t s w i t h t h e temperature.
Modelling.-S t a r t i n g from t h e i d e a t h a t t h e c o v a l e n t f o r c e s a r e n o t completely l o s t i n l i q u i d SC and SM b u t only weakened, we f i r s t l y b u i l t a model f o r liq-Ge w i t h 7 1 atoms a s a network of f l a t t e n e d t e t r a h e d r a i n t e r c o n n e c t e d i n s i x -f o l d r i n g s o f atoms. Two l o n g e r bonding d i s t a n c e s f o r every atom were allowed on t h e open s i d e s o f i t s t e t r a h e d r o n . Using t h e bond s t r e t c h i n g f o r c e c o n s t a n t , kr, o f c r y s t a l l i n e germanium (c-Ge) and a t r i a l s e t o f e q u i l i b r i u m d i s t a nc e s a s g i v e n i n / 6 / , t h e s t r u c t u r e was r e l a x e d by a Monte-Carlo
procedure /8/ s o a s t o minimize t h e bond d i s t o r t i o n en r
The atomic i n t e r a c t i o n was i n t r o d u c e d i n t h e form: V =k (rq-Fj2 a s r e s u l t e d from t h e v a l e n c e f o r c e f i e l d t h e o r y of $eaFing/9/ (r, is t h e e q u i l i b r i u m i n t e r a t o m i c d i s t a n c e ) . Afterwards, t h e l o n g bonds c o n f i g u r a t i o n was modified a c c o r d i n g t o t h e tendency of t h e atoms towards a more dense packing and t h e n t h e model was r e l a x e d a g a i n f o r v a r i o u s s e t s of bonding d i s t a n c e s and v a r i o u s v a l u e s o f t h e bond bending f o r c e c o n s t a n t , k , f o r t h e n o n -c e n t r a l f o r c e s i n t h e t e t r a h e d r a l s u b s h e l l . An i n t e r % $ t i o n p o t e n t i a l o f t h e t y p e suggest e d by Keating / g / , V2=ke(Oi-do) , do being t h e e q u i l i b r i u m angle, w a s considered. The b e s t f i t t o t h e s t r u c t u r e f a c t o r s . I ( s ) where s=2,sinQ/% was o b t a i n e d w i t h t h e f o l l o w i n g parameters: t h e e q u i l ibrium d i s t a n c e s rl=2.70 2 and r a = 2 . 9 0 8 and t h e bond bending f o r c e 1 c o n s t a n t ke=O.lxk ( G e ) , where k (Ge) is t h e bond bending f o r c e const a n t f o r c r y s t a l l ? n e germanium,Bcentred on t h e t e t r a h e d r a l a n g l e ( f i g u r e 1 and 2 ) . 
t h e int e g r a l w i d t h f t h e first peak i n RDF (~0 . 4 W) c o r r e c t l y r e -
produces t e experimental val u e (0.43 k /2/). Moreover, a s i n t h e e x~e r i m e n t a l RDF. t h e first peak i n t h e RDF o f t h e model does n o t s p l i t . The experimental d a t a on l i q u i d s i l i c o n were r e p r oduced w i t h h i g h e r s t r e n g t h o f t h e bending f o r c e : k =0.25k (Gel These r e s u l t s a r e i S f tqualifat i v e agreement w i t h t h e observed h i g h e r v a l u e o f t h e bond bending f o r c e c o n s t a n t i n c-Si t h a n i n c-Ge /g/.
The rough e s t i m a t i o n of t h e mean c o o r d i n a t i o n number
of Ge from t h e model is m=6.6, i n f a i r l y good agreement w i t h t h e experimental d a t a : 6.8 /6/, 6.5 /7/, 7.1 / 2 / . The o u t e r s u b s h e l l o f t h e Ge-surrounding c o n t a i n s 1-5 atoms ( t h e mean number is 2.6 atoms). w i t h 165 atoms l i n k i n g t o g e t h e r 93 u n i t s c o n s i s t i n g o f a cen- Fig. 2 : The RDPs of liq-Ge t r a l atom t e t r a h e d r a l l y bonded model ( 7 1 atoms) r et o o t h e r f o u r atoms. A f t e r a l a x e d f o r v a r i o u s s e t s p r e l i m i n a r y r e l a x a t i o n w i t h of bonding d i s t a n c e s .
The s u c c e s o f t h e above model allowed us t o conclude t h a t a g e n e r a l random model f o r molten SC and S M must t a k e i n t o account t h e s p l i t t i n g of t h e first c o o r d i n a t i o n
only t h e bond s t r e t c h i n g f o r c e c e n t r e d on t h e e x p e r i m e n t a l mean bonding d i s t a n c e of liq-Ge (2.82 2 / 6 / ) , t h e bonds were r e a r r a nged a c c o r d i n g t o t h e tendency shown by t h e atoms towards a b e t t e r surrounding. The f i n a l r e l a x a t i o n was performed f o r t h e s e t o f equil i b r i u m d i s t a n c e s a l r e a d y obtained i n t h e model w i t h 7 1 atoms and f o r v a r i o u s bond bending f o r c e s i n t h e t e t r a h e d r a l s u b s h e l l ( f i g u r e 3 ) . When weak bond bending f o r c e was used i n t h e computations, ke=O.l X ke(Ge), t h e s t r u c t u r e f a c t o r of liq-Ge was s a t i s f a c t o r i l y reproduced.
The e x i s t e n c e o f two bonding d i s t a n c e s determines a r a p i d damping of t h e s t r u c t u r e f a c t o r a t h i g h S , a s i s e x p e r i m e n t a l l y observed. A l ower c o o r d i n a t i o n number i n t h i s model, Rz5.9, a c c o u n t s f o r t h e f i n e s h i f t of t h e l e f t component o f t h e main d i f f r a c t i o n peak from its r i g h t p o s i t i o n . When t h e t e m p e r a t u r e of t h e Ge-melt i s r a i s e d from 1 0 0 0~~ t o 1 3 0 0~~ t h e l i q u i d germanium l o s s e s t h e r e s i d u a l bond bending f o r c e s i n t h e t e t r a h e d r a l s u b s h e l l and t h e s t r u c t u r e approaches t h a t of a m e t a l -l i k e m e l t , a s can be s e e n by t h e d i s a p p e a r a n c e of t h e s h o u l d e r on t h e first d i f f r a c t i o n peak /10/. Conclusions.-On t h e b a s i s o f a computer m o d e l l i n g o f t h e s t r u c t u r e o f l i q u i d germanium and s i l i c o n i t was concluded t h a t t h e m e l t of a t e t r a h e d r a l l y bonded semiconductor c o n s i s t s o f a random nacking o f atoms e x h i b i t i n g a s t r u c t u r e d c o o r d i n a t i o n : a n i n n e r s u b s h e l l w i t h a d i s t o r t e d t e t r a h e d r a l c o n f i g u r a t i o n and a n o u t e r s u b s h e l l w i t h 1-5 atoms randomly d i s t r i b u t e d . I n t h e t e t r a h e d r a l s u b s h e l l weak bond bending c o v a l e n t f o r c e is a c t i n g , i t s s t r e n g t h depending on t h e t y p e o f element and on t h e t e m p e r a t u r e of t h e l i q u i d .
